Electricity is a vital factor underlying modern living standards, but there are many developing countries with low levels of electricity access and use. We seek to systematically identify the crucial elements underlying transitions toward greater electrification in developing countries.
Introduction
Electricity is the highest-quality energy form and a vital facilitator of modern living standards and production processes. Providing access to modern energy services, such as electricity, is a key objective of developing countries (Winkler et al., 2011) , but there is considerable variation across countries. 1 In 2012, in the average developing country, 68 percent of the population had residential access to electricity, but some countries had much lower coverage.
Less than a quarter of the population had access to electricity in 2012 in many Sub-Saharan
African countries and some Pacific Island countries (World Bank, 2016a ). In 2014, over one billion people, about three times the population of the United States, did not have access to electricity (World Bank 2017). There is, however, relatively little systematic evidence on the reasons why some developing countries have progressed further in electricity transitions than others. This paper investigates a range of quantified measures of transition toward greater electrification in developing countries.
The importance of transitions toward greater electrification in developing countries is evident when considering a range of economic, social, health, and environmental impacts. Electricity is crucial from an economic perspective, as it is an important factor of production (Stern, 2011) . Economic impacts of electrification are also evident at the household level, with increased labor supply following electrification in some cases (Grogan and Sadanand, 2013; Salmon and Tanguy, 2016) . Children also benefit from electricity as there is more time available for education when electricity reduces the need to collect fuelwood (World Bank, 2010) . In addition, electricity use can reduce a leading disease risk factor, household air pollution from solid fuel use (Lim et al., 2012) . Further, electricity can contribute to the transition toward low-carbon energy systems if low-carbon energy sources are used in electricity generation and electricity replaces use of solid fuels such as charcoal.
Institutions are important for economic growth (Acemoglu et al., 2001; Acemoglu et al., 2005) although there is less literature on the role of governance for broader development outcomes (Sen, 2014) . There are some studies that do assess the role of governance for development outcomes. Rajkumar and Swaroop (2008) find that public spending improves health and education outcomes when governance is good, and Halleröd et al. (2013) find that quality of governance affects basic human needs. Edwards (2016) notes that poor government effectiveness can lead to education and health system failure. If governance also has an impact on electricity sector outcomes, there can be flow-on impacts to many development outcomes that relate to electricity availability.
There are a number of different governance attributes (Kaufmann et al., 2009; Kaufmann et al., 2010 ) that could be important for electricity transitions. For instance, governments that are effective in general are also more likely to be effective in electricity provision. Onyeji et al. (2012) find that government effectiveness seems to explain more of the variation in electricity in Sub-Saharan African countries compared to other countries, while Magnani and Vaona (2016) find that efficiency in revenue mobilization is positively related to access to electricity. The degree of corruption could be another governance attribute impacting on electricity outcomes. Dal Bó and Rossi (2007) find that more corruption in a country is associated with lower efficiency in electric utility firms in a sample of Latin American countries. Estache et al. (2009) also find that corruption has negative impacts for the electricity sector. Pless and Fell (2017) identify a specific way that corruption can adversely affect electricity sectors, with increases in firm bribes for electricity connections associated with lower aggregate electricity supply reliability.
Effective governments could be important for electricity sectors for many reasons. Electricity transmission is an example of a natural monopoly. Also, secure supply of electricity can be regarded as possessing public good characteristics (Abbott, 2001) . Public sector involvement in electrification is crucial when there are major obstacles for the private sector. Private sector involvement may be particularly limited in rural areas, due to reasons such as the small size of the market, population dispersion, and weak paying capacity of consumers (Bhattacharyya, 2013) . In addition, the large scale and complexity of electrification programs requires long-term commitment, prioritization, and planning, along with the large up-front investments (IEA, 2011). The major role of governments in electrification is emphasized by Bhattacharyya (2012, p. 265) : 'it is not sufficient to have the legal framework or organizational arrangement for a successful electrification programme. It requires a strong government commitment and financial support, a strong strategy and a systematic plan to bring success.' Strong government commitment is a common theme for developing countries achieving success in electrification, such as South Africa (Bhattacharyya, 2013) , Vietnam (Ostojic et al., 2011), and Indonesia (Asian Development Bank, 2016) . In contrast to these successful historical outcomes, weak governance is associated with weak outcomes for electrification in some countries in Sub-Saharan Africa (Bhattacharyya, 2013) .
The degree of democracy in a country could be important for electrification. Democracies produce higher levels of public services than autocratic regimes (Lake and Baum, 2001 ) in some cases, including increased electrification in South Africa (Kroth et al., 2016) . For a sample of African countries, Ahlborg et al. (2015) find that democracy has a positive impact on household electricity consumption per capita. Trotter (2016) presents evidence that there is a positive association between democracy and rural electrification in Sub-Saharan Africa.
For small island developing states, Boräng et al. (2016) find that democracy supports electricity consumption when the level of corruption is low. Others have suggested that more authoritarian governments could be beneficial: Wolfram et al. (2012) , for example, note the conjecture that electricity access in China is greater than India partly because of the strong authoritarian government in China.
A range of government reforms and policies can potentially affect electricity transitions.
Reform related specifically to the electricity and energy sectors could potentially have major impacts on the electricity sector, although experiences are mixed. Electricity and energy reform has led to modest efficiency gains in the context of incomplete and uneven reform processes in developing countries (Kessides, 2012; Pollitt, 2012; Jamasb et al., 2017) .
Reform outside the energy sector could also be important. Nepal and Jamasb (2012a) note that power sector reform is interdependent with reforms in other sectors. The mixed results of electricity reforms and the potential impact of reform outside the electricity sector imply that general government effectiveness could be influential for electricity outcomes.
This paper contributes by comprehensively assessing the impact of government effectiveness on a range of quantified electricity measures including electricity capacity, access, consumption, transmission and distribution losses, and quality of supply. We focus on deep determinants rather than sector-specific government policies, controlling for many important variables, to assess the impact of enduring factors that contribute to electricity transitions. We use a sample of up to 135 low-and middle-income countries. This is the first paper to document the role of government effectiveness for electricity transitions with such a broad coverage of developing countries, electricity dimensions, and deep determinants. Robustness tests include an instrumental variable approach and a model that uses changes in the dependent variable, to address potential endogeneity. The next section considers variation in electricity use for developing countries, followed by the more systematic approach. 
Initial evidence

Method and data
To assess the impact of government effectiveness on electricity transitions more systematically, this paper uses a cross-sectional regression approach with data up to 2012 for all low-and middle-income countries. 4 The cross-sectional approach uses variation between 3 One megawatt hour per capita equates to a value of zero for the log scale in Figure 2 . 4 Subject to data availability. Income groups are based on 2016 income classifications.
countries, and is appropriate given that some of the dependent variables, including electricity quality and access to electricity, do not have extensive historical time series. For robustness, we also consider the between estimator with panel data. The between estimator is a suitable panel estimator for assessing long-run relationships (Stern, 2010) .
We estimate the following equation:
We initially use ordinary least squares estimates with standard errors that are robust to heteroscedasticity. The error term is . For robustness, this paper also includes an instrumental variables approach with 1950 life expectancy used to instrument for 2012 government effectiveness, as described later.
is the electricity dependent variable in separate regressions for each of the electricity variables including log electricity capacity per capita, log final consumption of electricity per capita, log household consumption of electricity per capita, access to electricity, electricity transmission and distribution losses, and quality of electricity supply. The subscript is for each of the countries.
The electricity dependent variables are from the World Bank (2016a), United Nations Our key independent variable, , is government effectiveness from the Worldwide Governance Indicators (2015). The variable is based on 48 components that measure perceptions of the quality of public service delivery, policy formulation, and policy implementation. While there is potential for measurement error in any governance indicator, including perceptions-based measures, the Worldwide Governance Indicators are widely relied upon (Kaufmann et al., 2009) . Only two of the 48 components of government effectiveness relate to electricity: coverage of the electricity grid, and how problematic electricity is for growth of business. The government effectiveness variable is thus suitably distinct from variables measuring electricity capacity, consumption, access, transmission and distribution losses, and quality of supply. State effectiveness from the State Fragility Index (Marshall and Cole, 2014) is an alternative measure. Electricity is not an explicit component of the state effectiveness variable that is comprised of four components: economic, social, political, and security effectiveness. Table 1 shows the range of values for government effectiveness, and also summarises the data for the electricity dependent variables.
We also examine the relative importance of government effectiveness vis-à-vis other governance attributes. Using the Worldwide Governance Indicators (2015), these other governance attributes are regulatory quality, political stability, voice and accountability, rule of law, and control of corruption. The governance attributes are described in the Appendix. Notes. Electricity capacity is in kilowatts. Electricity consumption is in megawatt hours. Electricity access is percent of population with access to electricity divided by 100. Electricity transmission and distribution losses are percent of electricity output divided by 100. Electricity quality and government effectiveness are index values. Electricity quality ranges from 1 for extremely unreliable to 7 for extremely reliable. Government effectiveness is distributed over a standard normal.
We control for a number of other variables in ′ , as defined and included in the subsequent text and tables. There are a number of geographical or demographic aspects that could be important for differences in electricity transitions across countries. For instance, there could be electricity demand differences for heating and cooling purposes due to temperature differences between countries. Other factors include population density and the percentage of the population in rural areas. Electricity network extension would be more costly per person when population density is lower, while more dispersed rural populations may be harder to reach. A measure of hydro endowments is another control, as hydroelectricity is an important energy source in many developing countries (Burke, 2010) .
Economic factors may contribute to electricity sector development. For instance, higherincome countries could afford to invest in greater levels of electricity infrastructure and to have higher consumption levels. For a component of total electricity use, Pfeiffer and Mulder (2013) find that non-hydro renewable electricity is promoted by higher per capita income. In relation to analysis of household data from Mexico, Gertler et al. (2016) suggest a nonlinear
Engel curve with purchase of energy-using assets being much more likely above income thresholds. Price for electricity consumption may also impact on various electricity outcomes including consumption and losses in transmission and distribution.
We also control for policy and other differences across countries. We use a binary variable with value of one for countries in Africa and the Middle East. This binary variable controls for factors that are common across these countries. One common factor across countries in both Africa and the Middle East has been the stage of power sector reforms. Nagayama Endogeneity from reverse causation or omitted variables is a potential issue. For instance, electricity availability and quality could affect the ability of governments to be effective.
Omitted variables related to technology or political differences across countries could also bias results if these factors are correlated with both electricity and government effectiveness.
We address the issue of potential endogeneity in a number of ways, including use of lagged variables, an instrumental variables approach, and dependent variables measuring changes rather than levels.
To reduce the risk of endogeneity from reverse causation, we use the lagged values of government effectiveness from 1996 in one table of results. 1996 is the first year of data for government effectiveness and is before the start of electricity transitions in many developing countries. For instance, total electricity capacity in low and middle-income countries was nearly three times larger in 2012 compared to 1996. We also investigate using lagged values from 1996 for the controls that are more likely to be endogenous: log GDP per capita and We also use the model described by equation 2 to focus on medium-term changes in the dependent variable. This helps to reduce the risk of endogeneity, showing the impact of initial levels of government effectiveness on subsequent electricity transitions.
is the average annual percentage change for the electricity quantity variables of capacity, final consumption, and household consumption over the period 1996-2012. Table 2 shows initial results for the impact of government effectiveness on the log of final electricity consumption per capita without any controls. The impact of other governance attributes from the Worldwide Governance Indicators is also shown, allowing for a comparison of the relative importance of each governance attribute. Each of the governance attributes has positive coefficients that are significant at the one percent level, but government effectiveness has the largest coefficient of all the governance attributes. In addition, government effectiveness explains 33 percent of the variation in the log of final electricity consumption per capita, and this is considerably above the other governance attributes, with rule of law the next largest at 22 percent. 7 Also, the regulatory quality variable that focuses on private sector development only explains 17 percent of the variation in the log of final electricity consumption per capita. Government effectiveness appears to be more important than other governance attributes for electricity consumption on average. The results in Table 3 show that government effectiveness has a beneficial association with electricity sectors in developing countries, when controlling for other variables. There are positive coefficients for government effectiveness from 1996 in explaining four of the 7 Government effectiveness also explains more of the variation in other electricity variables such as generation capacity, household consumption, access rate of the population, transmission and distribution losses, and quality. electricity dependent variables, with significance at the one percent level in column 3. 8 A one-unit increase in government effectiveness is associated with an increase of 52 percent in final electricity consumption per capita on average, all else equal, based on Table 3 . Column 5 suggests that a one-unit increase in government effectiveness is associated with 5 percent less transmission and distribution losses.
Results
9
There are positive coefficients for the log of GDP per capita from 1996 in Table 3 , significant in explaining the electricity variables in 2012 at the one percent level, except for electricity quality which has significance at the ten percent level, and the non-significance for electricity losses. The positive coefficients match expectation because countries with higher incomes have greater ability to increase electricity sector investment and greater demand to consume electricity, all else equal. Our use of the lagged value of log GDP per capita helps to partly address potential reverse causation from electricity to GDP per capita.
Higher proportions of populations in rural areas are associated with lower electricity access and use. The negative coefficient for rural population percentage in contributing to access to electricity is significant at the one percent level. This result matches expectation due to the greater difficulty in extending access to more dispersed populations. Having a larger rural share of the population is also associated with lower electricity capacity per capita, final electricity consumption per capita, and household electricity consumption per capita.
There are some significant coefficients for geographical variables in Table 3 . Negative coefficients for temperature in explaining electricity dependent variables are significant at the 8 Using state effectiveness from the State Fragility Index instead of government effectiveness from the Worldwide Governance Indicators also produces a corresponding significant coefficient in explaining the log of final electricity consumption per capita. In addition, the government effectiveness variable is still significant at the one percent level when regulatory quality is included as a control in the regression explaining the log of final electricity consumption per capita. 9 A one-unit change in government effectiveness is equivalent to approximately 30 percent of the range of the values for government effectiveness in the low-and middle-income countries in our sample. The government effectiveness index has a standard deviation of one.
one percent level in each of the first four columns. There is also some evidence that larger water resources support greater electricity capacity, with a positive coefficient and significance at the five percent level. Electricity price is associated with significant impacts on electricity sectors in developing countries. Electricity price has a negative coefficient for household electricity consumption per capita, significant at the one percent level. While the electricity prices are from a survey for commercial business customers, it is reasonable to assume that household electricity prices across countries could be positively correlated with business prices. The negative coefficient for electricity price in the household electricity consumption regression is reasonable as higher electricity price would lower quantity demanded. There would also be greater incentive to increase the quantity supplied when price is higher, but consumer capacity to pay high prices could be constrained in developing countries. Also, where the electricity price is higher, electricity transmission and distribution losses tend to be higher, as shown in column 5. Table 4 confirms the important role of government effectiveness for electricity sectors in developing countries, supporting the case for a causal relationship rather than just correlation.
The instrument, log life expectancy from 1950-1955, explains 18 percent of the variation in 2012 government effectiveness for the electricity quality regression after controlling for other variables in the first stage of the two-stage least squares process. Other changes to reduce the 10 There are similar results when using an indicator of reform in electricity sectors (ESMAP 1999) instead of the binary variable for countries in Africa and the Middle East. For example, the government effectiveness coefficient in the final electricity consumption regression changes from 0.522 to 0.527. The indicator of reform is not included in Table 3 as it would lower the sample size and because the paper focuses on deep determinants rather than sector-specific determinants of electricity sector development. The key government effectiveness variable assesses government policy holistically, including power sector reform. risk of endogeneity include using lagged data from 1960 for log GDP per capita and rural population percentage, and dropping two potentially endogenous variables, electricity price and democracy score, that do not have historical data prior to the commencement of major electricity sector development. There are statistically significant coefficients for government effectiveness in five of the six columns. The relationship between government effectiveness and final electricity consumption per capita is particularly strong. There is significance at the one percent level for government effectiveness in explaining the log of final electricity consumption per capita in Table 4 and also in Table 3 . The government effectiveness variable is also significant at the one percent level in the electricity access column in Table 4 , in contrast to the lack of significance for the corresponding coefficient in Table 3 . The estimates in the first four columns of Table 4 pass the Stock-Yogo weak instrument test, with the F statistic on the excluded instrument exceeding the critical value.
There are similarities and differences for the controls in Table 4 compared to Table 3 . The coefficients for log GDP per capita from 1960 are positive, but only column 6 has significance at the one percent level. For rural population percentage, the coefficient magnitudes are similar, as is statistical significance. There are again negative impacts of temperature for electricity capacity and consumption. The coefficients for population density and water resources are mostly not significant in Table 4 . There are negative coefficients for the Africa/Middle East binary variable, but only in the electricity access regression in column 4 is there significance at the one percent level. Table 5 shows the impact of initial government effectiveness levels on subsequent changes in electricity. Government effectiveness from 1996 has positive and significant coefficients for each of the electricity variables except electricity losses or the electricity quality index, with significance at the one percent level in both the household electricity consumption per capita and final electricity consumption per capita regressions. For a one-unit increase in the government effectiveness index, the per capita final consumption of electricity increases by 1.9 percentage points per annum on average. The positive coefficients for government effectiveness in explaining subsequent changes in electricity rather than levels are again suggestive of a causal relationship.
The signs of the coefficients for the controls in Table 5 match expectation. For the log of GDP per capita in 1996 from Table 5 , the coefficients are positive and significant, except for the non-significant coefficients for the change in electricity losses and access to electricity.
The positive coefficient for the log of GDP per capita in explaining the change in electricity is significant at the one percent level for both consumption variables and for electricity capacity. There are also positive and significant coefficients for GDP per capita growth, confirming that electricity use increases as economies grow. The magnitude of the coefficients for log of GDP per capita and the growth of GDP per capita are similar to the findings of Burke and Csereklyei (2016) .
Growth in electricity use is slower in countries that already use more electricity. For example, the log of final electricity consumption per capita in 1996 has a negative coefficient, significant at the one percent level, in explaining the change in final electricity consumption per capita for the period 1996-2012. These convergence-style coefficients are reasonable, as there may be less incentive for transitions toward greater electricity use when the initial levels are already higher. There could be diminishing returns to greater electricity use after a certain point.
A relatively large fraction of the variation in the electricity variables is explained by the regressions in each table. The R-squared values are approximately 0.8 for the regressions for electricity capacity, consumption, and access in Table 3 , while the R-squared value for the change in final electricity consumption per capita is above 0.5 in Table 5 . 
Conclusion
The main finding is that government effectiveness is of central importance for electricity transitions in developing countries. The result holds for the level of electricity, and also for the impact of past government effectiveness on subsequent changes in electricity for the period 1996-2012. This paper uses a large sample of developing countries, combines numerous data sources, assesses multiple dimensions of electricity transitions, and controls for a wide range of important factors for explaining electricity variables. We use data for up to 135 developing countries up to 2012. This paper adds to the evidence that institutions are important for economic growth (Acemoglu et al., 2001; Acemoglu et al., 2005) and development. In particular, it shows that government effectiveness is important for electricity transitions in developing countries.
Improving government effectiveness could be a vital step towards meeting UN Sustainable Development Goal 7 of ensuring access to modern energy for all. Our finding provides an example of the wide-ranging impact of institutions, complementing other examples such as the finding of Collignon et al. (2015) that poor governance contributes to the adverse public health outcome of antibiotic resistance.
Government effectiveness appears to be the key aspect of governance for electricity transitions in developing countries on average. Effective governments could impact on electricity outcomes through a number of channels, with quality of regulation being one possible channel. Whilst other studies have found that political instability has been a major negative factor in particular countries or small groups of countries (Bhattacharyya, 2007; Nepal and Jamasb, 2012b) , this paper finds that government effectiveness is crucial on average across a large sample of developing countries. The average effects estimated in this paper act as a complement to research on the key institutional barriers to electricity transitions in individual developing countries.
The importance of government effectiveness for electricity transitions may relate to the need for fundamental skills such as planning, committing, and prioritizing, while adapting to fit the specific context in each country. For instance, the electrification experience of Sub-Saharan African countries shows that 'there is no single solution that fits all cases and each country would have to identify its own solution' (Bhattacharyya, 2013, p. 153) . Governments need to be effective to identify and then be able to successfully implement electrification plans.
Sound regulatory quality in a country is not sufficient for electricity transitions, as governments play a more central role in electrification than just setting the rules for the private sector.
There are multiple quantifiable dimensions in electricity transitions, but results are similar for each dimension. For instance, electricity transitions can be assessed on criteria of access, quantity of consumption, capacity, transmission and distribution losses, or quality. Aspects of government effectiveness are important for each of these electricity dimensions. This suggests that policy to improve government effectiveness could have indirect benefits for many aspects of electricity.
Additional factors are also important for electricity transitions including economic and geographic factors, and these impacts match expectation. For instance, this paper finds that higher GDP per capita is associated with higher use of electricity. Higher temperatures are associated with lower electricity use; temperature could be relevant for electricity use due to direct reasons such as differing motivations for heating and cooling in countries with different temperatures, or other indirect reasons such as impacts on sectoral compositions of economies. We also find that a higher rural share of the population leads to lower electricity access.
Government effectiveness is an indirect channel promoting electricity transitions in developing countries. Policies to enhance government effectiveness can provide a solid foundation and be complementary to sector-specific policies to increase electricity access and use in developing countries.
Donors considering contributing to electrification in developing countries could expect more effective outcomes by focusing on countries with better governance. Kenya, for example, had a government effectiveness score above the average for Sub-Saharan Africa in 2012, and started to receive support from the African Development Bank in 2015 for the Last Mile Connectivity Project. This project aims to support government initiatives to increase electricity access (African Development Bank, 2016) . Additional government input in Kenya could help to convert investment in electricity grid infrastructure into higher rates of electricity access (Lee et al., 2016) . Ethiopia is another country that had a government effectiveness score above the average for Sub-Saharan Africa in 2012. In addition, Ethiopia has relatively high renewable energy potential, particularly hydropower (Howells et al., 2017) . In contrast, countries with low government effectiveness could be more risky destinations for donor contributions to electrification.
There is scope for further research on factors affecting electrification. For instance, the impacts of economic structure and policies aiming to influence the industrial or services shares of GDP could be investigated. In addition, the impact of electrification on long-term economic, social, and environmental indicators is a related area for further research.
